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Cervical spine injury has an incidence of 5% in association with blunt polytrauma. Factors making injury more likely include focal neurological deficit, concurrent head injury, and a Glasgow Coma Scale (GCS) of , 8 . The appreciation of the increased risk of cervical spine injury in trauma victims with neurological impairment prompted the development of ATLS guidelines for the management of trauma patients. 2 The standard pre-hospital practice for any patient who has suffered injury or trauma (often this may only have been relatively minor) is to have full spinal immobilization at the scene of the incident. Properly applied, this requires both a rigid collar and a spinal board with sandbags and tape, to keep the head completely still and the spinal column 'in-line'. In other words, the patient is assumed to have a neck injury until proven otherwise, and is transported to hospital and managed as such.
Presentation
Patients who are fully immobilized after trauma are commonplace in Emergency Departments. In the vast majority, no spinal column injury will eventually be identified. In the awake patient, diagnosis of spinal injury is greatly aided by the ability of the patient to report pain, comply with instructions, and allow detailed clinical examination. However, in the unconscious patient, no pain or tenderness may be reported, and the clinician may have no idea about neurological signs and symptoms (unless these were recorded before the coma ensued). Therefore, spinal immobilization is continued until injury can be ruled out and the spinal column 'cleared'. This can only be fully performed after the patient has woken and by asked about symptoms; however, as this may not be for a significant period of time, conclusive radiological investigations are sought to rule out injury. These rely on adequate, complete imaging of the entire cervical spine (C1-T1) and accurate reporting by an experienced radiologist; without this, subtle signs may be missed, with potentially devastating consequences. The stability of any injury must also be estimated to allow further treatment decisions.
Assessment of the unconscious patient
Assessment of the spinal column in the unconscious patient presents a significant challenge. This is two-fold: (i) to identify significant cervical spine pathology promptly, recognizing that delay in diagnosis increases the risk of neurological deficit 10-fold 3 and (ii) to 'clear' the cervical spine in the remainder of patients because prolonged, unnecessary spinal immobilization represents significant risks to the patient. The exclusion of spinal injury can be made by clinical or radiological investigation. The required criteria to clinically exclude a spinal fracture are listed in Table 1 . If these criteria
Key points
Cervical spine injury is a relatively common and potentially devastating injury.
Delay in diagnosis increases the risk of permanent neurological deficit.
Prolonged spinal immobilization is associated with significant morbidity and mortality.
In the comatose patient, the clinician must decide when the risks of continued collar usage outweigh the risks of a missed injury without undue delay.
Helical computed tomography scans with 3D reconstruction will provide adequate radiological 'evidence' to clear the cervical spine in the majority of comatose patients. cannot be met, radiological investigation is indicated and, when combined with the clinical appraisal, should allow the removal of immobilization in the majority of patients. However, in obtunded patients where symptoms and signs are disguised, clinicians must rely on radiological investigation alone to exclude cervical spine injury. This group of patients presents a clinical problem to anaesthetists either in the resuscitation room, the operating theatre, or the intensive care. The implications of a suspected cervical spine injury are listed in Table 2 and rigid collar related morbidity is described in Table 3 . 4 Clearing the cervical spine
The Eastern Association for the Surgery of Trauma (EAST) guidelines for cervical spine evaluation published in the USA in 1998 suggest that comatosed patients after trauma who have normal plain radiography and normal targeted computed tomography (CT) (C1, C2, lower cervical spine, and any other areas of concern) scans should be considered to have a 'stable' cervical spine. In 2000, this was updated to include the recommendation that flexion/extension fluoroscopy should also be performed in this group of patients to exclude cervical instability 5 (Table 4) . However, there is a lack of level 1 evidence to support these guidelines, which were drawn from a combination of surveys of clinical practice and a literature review that looked mostly at retrospective studies. They have provided a useful framework to clinicians for some time, but the large prospective trials that were recommended at the time have not yet been performed. To date in the UK, no similar universally adopted guideline has been agreed, but many have been proposed. 6 Radiography
X-ray
The standard investigations for excluding cervical spine injury traditionally comprised of plain radiographs. This included a cross-table lateral view as part of the trauma series with the addition of an AP and open mouth view (to assess the odontoid peg). The specificity of the lateral film is quoted as around 85%, but this relies on the film being adequate, defined as showing the atlanto-axial joint, all cervical levels, and the cervico-thoracic junction. The rate of adequate lateral views can be as low as 50%. 7 Tracheal intubation makes adequate visualization even more difficult, and it is now recognized that although plain radiography is specific, the sensitivity may be as low as 30%. 8 This may lead to multiple attempts at further X-rays to improve visualization of the entire cervical spine, including views such as oblique or swimmers, often without success. Therefore, plain X-rays are now not considered adequate to clear the C-spine in the comatose patient.
Computed tomography
The introduction of helical CT, multi-detector row scanners, and 3D reconstruction has led to greatly improved image quality and accurate visualization of lesions, and this is now recognized to be significantly superior to plain radiography in elucidating cervical spine trauma. Therefore, CT has been proposed as the single most important investigation in this group of patients. Concerns over the use of CT in relation to radiation exposure have been expressed, but this may be lowered if multiple plain X-rays are not performed before CT. Helical CT screening is now often carried out using 1 mm slices instead of 3 mm, and this has further helped to improve the diagnostic potential for unstable cervical spine fractures. Such detailed CT scanning may allow diagnosis of an unstable injury or suggest evidence of ligamentous involvement as accurately as magnetic resonance imaging (MRI) in many patients. 9 Magnetic resonance imaging MRI is recognized as the gold standard for imaging of soft tissues, and it may be used to identify ligamentous injury of the cervical Table 4 EAST radiology for the obtunded patient Adequate plain radiography: lateral, AP, and peg views Targeted thin cut axial CT slices with sagittal reconstruction C1/C2 levels Any other areas of concern or poor visualization on plain radiography Dynamic fluoroscopy to assess cervical spine stability Clearing the cervical spine in the unconscious patient spine, with a high sensitivity. The EAST guidelines suggest MRI imaging should be carried out in cases of neurological deficit. Some studies have tried to justify MRI as a single investigation for cervical spine injury but only in comparison with plain radiography. 10 The problems with MRI for obtunded patients with blunt trauma relate to the need for transfer from the ICU and to the problems with monitoring and management during the relatively long scanning time; in many hospitals, MRI scanners may not be immediately available or even present. In light of the improvements in CT resolution, MRI should probably be reserved for those patients with abnormal neurology or unsatisfactory CT scans. However, there is a risk that ligamentous injuries may be missed, although these injuries are rare and the risk of them being unstable low (,0.1%).
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Dynamic fluoroscopy
This is now more commonly performed worldwide because of concerns that targeted CT may not exclude cervical spine instability. However, its use as a screening tool in obtunded patients is controversial. It is labour intensive and time-consuming, as some studies may require several hours to obtain adequate images. Compared with plain radiography and CT, dynamic fluoroscopy may not always identify new cervical spine injuries in obtunded patients. 13 In one study, a patient developed tetraplegia after undergoing dynamic fluoroscopy, a risk of passively stressing the cervical spine.
14 Dynamic fluoroscopy is not widely practiced in the UK and is unlikely to become so in unconscious patients for the reasons outlined above.
Removing the collar after radiological investigations
This is the crux of the clinical concern over the potential for a missed unstable cervical spine injury and the subsequent neurological deterioration, weighed against the consequences of prolonged spinal immobilization in patients who in the majority of cases have no injury. In recent studies, the majority of cervical spine 'critical errors' have occurred because of protocol violations, not protocol failures. 8 -11 Therefore, given the lack of national guidelines and variance of clinical practice in relation to investigation and assessment around the country, 15 the adoption of a locally agreed protocol would seem the best option. This protocol needs to be accepted by emergency, trauma, anaesthetic, and radiology departments. It should include a formal report from a radiologist who is experienced in interpreting trauma cervical spine CT images, followed by a two signature agreement between anaesthetist/ intensivist and surgeon that, based on a normal report and the clinical history, the likelihood of a significant missed cervical spine injury is negligible. This should not delay the removal of a hard collar for more than 24 h, which should allow enough time for intensive care staff to be reasonably confident that the patient's clinical condition is unlikely to improve in time to clinically exclude an injury before the risks of spinal immobilization begin to increase. This is not to belittle the consequences of a missed cervical spine injury, which can result in permanent neurological sequelae, in a predominantly young population. A consensus approach between the responsible consultants is paramount and, if any doubt exists, spinal immobilization should remain.
Conclusion
To date, no prospective, randomized, controlled trial has suggested a single investigation that will exclude completely a cervical spine injury. Clinicians must decide what investigation, or combination of investigations, provides them with enough evidence to either diagnose a cervical spine injury or exclude it. This should take into account the risk of a missed injury and the risk of unnecessary prolonged immobilization. In the last 10 yr, CT technology has improved to a point that renders other modalities either inferior ( plain X-rays or dynamic fluoroscopy) or initially unnecessary (MRI). We suggest that all obtunded trauma victims should have a helical CT scan of their entire cervical spine with 1 mm cuts and 3D reconstruction. This should be done on admission at the same time as the CT head scan. If these images are reported as normal, by an experienced radiologist, then the risk of the patient having a significant, missed injury is small enough to warrant safe removal of spinal immobilization. A protocol for the management and subsequent 'clearing' of the cervical spine (Fig. 1) should be in place in all centres that receive trauma patients. 
